Motor imagery Brain-Computer Interface (MI-BCI) enables bodyless communication by means of the imagination of body movements. Since its apparition, MI-BCI has been widely used in applications such as guiding a robotic prosthesis, or the navigation in games and virtual reality (VR) environments. Although psychological experiments, such as the Rubber Hand Illusion -RHI, suggest the human ability for creating body transfer illusions, MI-BCI only uses the imagination of real body parts as neurofeedback training and control commands. The present work studies and explores the inclusion of an imaginary third arm as a part of the control commands for MI-BCI systems. It also compares the effectiveness of using the conventional arrows and fixation cross as training step (Graz condition) against realistic human hands performing the corresponding tasks from a first-person perspective (Hands condition); both conditions wearing a VR headset. Ten healthy subjects participated in a two-session EEG experiment involving open-close hand tasks, including a third arm that comes out from the chest. The EEG analysis shows a strong power decrease in the sensory-motor areas for the third arm task in both training conditions. Such activity is significantly stronger for Hands than Graz condition, suggesting that the realistic scenario can reduce the abstractness of the third arm and improve the generation of motor imagery signals. The cognitive load is also assessed both by NASA-TLX and Task Load index.
to show a first-person view of an object-directed grasping movement, they The paper's contribution includes a step towards the creation of supernumerary MI-BCI systems. Here, we performed an EEG study of the user's 141 ability to imagine a third imaginary arm in a BCI paradigm. We also com-142 pared the effectiveness of using the conventional arrows and fixation cross 143 as training step (Graz ) against a first-person view using a human avatar 144 (Hands). Both training conditions were carried out in a VR environment. An offline MI-BCI experiment, which uses EEG for recording the data 148 and VR scenarios for presenting the stimulus, was conducted in a reduced 149 noise room. The experiment's aim is to study the feasibility of including a 150 virtual third arm in a MI-BCI system while the traditional training paradigm 151 (Graz) is compared against a first-person view using a human avatar. There 152 were two recording sessions with two runs in each one with a resting time 153 between them. The sessions were conducted on two separate days within one 154 week. Only on the first day, the participants had to fill up three question- to render the immersive scene. We used the popular game engine Unity3D to develop the immersive scene that was intended to assist the users when imagining and performing motor actions with their left and right real arms and the middle imaginary one (see the top of Figure 1 ).
176
There was a special focus on the realism of the models: left and right The subjects sat comfortably in an armchair and were asked to rest their 188 arms in the armrests and avoid any other movements during the record-189 ings. Initially, the participants wore the HMD for getting into the scene and 190 running several trials for learning the instructions previously read. After 191 the training, we mounted the EEG cap followed by the traditional gelling 192 process, and then we fit the HMD. We tried as much as possible to avoid 193 that the HMD frame touches the EEG electrodes. Moreover, we checked the 194 signal quality before and after mounting the HMD to detect any avoidable 195 interference.
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The experiment involves the execution of four different tasks in two ex- and Hands) as follows: Graz condition presents ERD/ERS activity in both bands; in effect, it can be 360 seen a strong ERD on the frontal lobe (F3) and ERS on parietal region (P3).
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These findings could suggest that the brain activity elicited by the third arm 362 is not only associated with sensorimotor areas, but also the imagination effort A strong ERD activity is found at the three electrodes for the third hand (TH). Whereas, ERS patterns are found mainly for the left hand (LH). The ERD/ERS fluctuation is more visible for the right hand (RH), mostly at C4.
Figure 4: Significant ERD/ERS patterns of the mental task at C3, Cz, C4 positions for Graz condition (blue indicates ERD). An ERD activity is mainly found in the alpha band (8-12 Hz) at the three electrodes for the third hand (TH). The ERD/ERS patterns are widespread for left and right hands (LH, RH respectively) at the three electrodes. There is extensive activity in the resting state (RS). 
